Buildings are among the largest consumers of energy. Part of the energy is wasted due to the habits of users and equipment conditions. A solution to this problem is efficient energy usage. To this end, an energy audit can be conducted to assess the energy efficiency. This study aims to analyze the energy usage of a primary school and identify the potential energy reductions and cost savings. A preliminary audit was conducted, and several energy conservation measures were proposed. The energy conservation measures, with reference to the MS1525:2007 standard, were modelled to identify the potential energy reduction and cost savings. It was found that the school's usage of electricity exceeded its need, incurring an excess expenditure of RM 2947.42. From the lighting system alone, it was found that there is a potential energy reduction of 5489.06 kWh, which gives a cost saving of RM 2282.52 via the improvement of lighting system design and its operating hours. Overall, it was found that there is a potential energy reduction and cost saving of 20.7% when the energy conservation measures are earnestly implemented. The previous energy intensity of the school was found to be 50.6 kWh/m 2 /year, but can theoretically be reduced to 40.19 kWh/mm 2 /year.
Introduction
With the steady economic growth in Malaysia since 2005, energy demand increased at an average rate of 6% annually from 2005 to 2010 [1] . The energy demand in buildings rose steadily in the past decade, despite the fact that the main energy resources such as oil and gas are running low [2] . It was predicted that the global energy consumption will rise by 1.6% annually between 2009 and 2030 [3] . The current state of global energy resource requires efficient energy usage so that the current resources will last until a suitable alternative is discovered [4] . Apart from the direct approach of finding alternative energy sources, an important aspect is managing the current energy supply in a wise and prudent manner. This is determined by looking at the energy efficiency of the buildings, which is determined through an energy audit. In this study, an energy audit will be conducted to determine the energy usage efficiency and potential energy reduction and cost savings for a primary school in Malaysia.
Generally, an energy audit is an exercise that is conducted to study the energy usage of a building or electrical equipment. It is a systematic method to determine how energy is being used in the building. From an energy audit, the total energy being used can be determined, and if required, the energy consumption of different equipment can be determined as well [5] .
It is also possible to simulate the implementation of potential energy conservation measures that will improve the energy utilization in a particular building. An energy audit can also predict the possible energy savings and cost reductions from the efficient usage of energy [4] . Additional motivation towards the study of energy audits is emphasized after various governments around the world are starting to set standards of energy usage to increase the implementation of energy efficient buildings [6] . There are three types of energy audits that are usually implemented: preliminary audit, targeted energy audit, and detailed grade audit [7] . Generally, the technique that is to be used is determined by 2 The Scientific World Journal the complexity and the conditions of the intended energy analysis. For a preliminary audit, a mathematical model to predict the possible potential energy savings and cost reduction is deemed sufficient. A mathematical model to calculate the annual energy consumption was used to simulate some similar conditions to this research.
A few energy audit studies on schools have been conducted in many countries, which is indicative of interest in this topic around the globe. An energy audit was conducted by Alajmi [9] on an educational building in a hot climate country, the State of Kuwait. Although the heating, ventilation, and air conditioning (HVAC) system consumes the most energy within that building (87%), a similar energy audit technique was used where they gathered the information regarding its initial usage and compared it with the potential energy reduction that can be made. Several recommendations were made for energy conservation opportunities, which were categorized into nonretrofitting (no cost) and retrofitting (with cost). The research found that 6.5% of energy can be saved from the nonretrofitting recommendations, which are mainly changes in the schedule of the lighting and equipment usages. It was also shown that, by changing the type of lighting, it will enable them to save a further 2.3% of their energy usage. Ultimately, 52% of energy can be saved if all of the recommendations are implemented, including energy conservation opportunities that require additional costs.
Another study by Dall'O and Sarto was conducted on 49 school complexes consisting of 77 buildings for various usages [16] . The research was done in two phases, where the first phase aimed to gather data on the energy consumptions. In the second phase, energy conservation measures were proposed for three different scenarios: a standard scenario, a cost-effective scenario, and a high performance scenario. It takes into consideration the issue of the investment required to implement these energy retrofits and also their respective payback periods. It was found that energy savings of 15%, 67%, and 81% are possible from the implementation of these energy conservation measures, respectively. The research concludes that to implement a certain energy retrofit, a variety of factors needs to be considered, as they might be very difficult or not cost-effective in many cases. These factors can vary from the cost of retrofitting comparable to building new buildings, to changes in the number of population. It is also important to highlight that the study by Dall'O and Sarto focuses on the HVAC system of the buildings.
A research was also conducted on 62 buildings under the Serbia Energy Efficient Project, Phase 2, of which 28 were school buildings [17] . Their study focuses only on the heat consumption of the buildings, which is in line with the objective of improving energy efficiency. Although this differs greatly from our research, it is interesting to look at the results of conducting an energy audit and implementing energy efficiency improvements on the buildings. The research showed that they managed to realize an energy consumption reduction of 49% (average energy consumption of 128 kWh/m 2 /year) from the initial consumption of 252 kWh/m 2 /year.
There were also other studies that used similar methods of finding the potential energy usage reduction from the implementation of energy conservation measures compared to the initial energy consumption, despite the fact that almost all of the studies were either done for schools that were in different climates, or focused on different energy systems such as heating, ventilation, and air-conditioning, which differs from our condition. A study involving energy audit was conducted for 24 schools in Slovenia [10] . This study looks at the heat losses by the school in areas of air and water heating. With high heat losses, more energy will be consumed to replace the heat. The study shows that the heat losses of the school buildings are 89% higher than the recommended values. Another study on high schools in central Italy showed that there are potential energy savings of 46% when implementing some energy conservation measures [11] .
Perez and Capeluto [12] also conducted a study for school buildings in hot-humid climates. The study uses simulation techniques to identify the potential energy savings and focuses on the thermal energy conservation measures. A high performance design for school buildings shows that there is a potential energy consumption reduction of more than 50%. However, this reported study differs from this study, as the climatic conditions are wildly different. The energy consumption by the schools in Malaysia focuses more on the electrical equipment instead of heating, ventilation, and air conditioning system. At the time of this study, there has yet to be any published work regarding schools with similar conditions to our study.
The aim of this study is to analyze the potential energy usage reductions and cost savings of schools in Malaysia. It covers a preliminary audit, which will indicate whether a more detailed audit is required. In this research, cases with the implementation of energy conservation measures will also be modelled. The author feels that this study is necessary and important to initiate benchmarking for energy consumption in schools, since education is an integral part of the development of a nation. Furthermore, the number of schools in Malaysia, accounting for both primary and secondary, totals up to about 10,101 schools [18] . Thus, the expense can be focused more on the education process instead of its infrastructure. This benchmark, which was previously unavailable, would help the stakeholders of the schools, especially the Ministry of Education, to build better energy efficient schools in the future and instill energy awareness among the pupils.
Analysis of Current Energy Usage
This research is conducted in two stages. The first stage involves the analysis of the current energy usage of the school, which is indicative of its efficiency, and whether improvements can be made. Meanwhile, the second stage involves the proposal of several energy conservation measures. This section explains the data collection methods and the mathematical equations used in this study. Tables 1 and 2 show the background information and the electrical equipment that are used in The Scientific World Journal 3 the school. This information will be used to analyze the current usage of energy of the school by calculating the annual energy usage and its intensity. Table 3 shows the energy usage costs that are obtained from the utility bills for 2011. This actual energy usage will then be compared with the calculated energy requirement of the school. It must also be pointed out that, in the middle of 2011, there was a change in the electricity tariff. From January to April, the electricity tariff was RM 0.397 per kWh. Starting from May, the electricity tariff increased to RM 0.43 per kWh. This electricity tariffs change was noted in the calculations. For this stage of the research, these two terminologies will be used.
Actual Energy Usage.
(i) Actual energy usage: the electricity usage that was consumed by the school in 2011 based on the utility bills.
(ii) Calculated energy requirement: the electricity usage that should be used by the school under efficient conditions, calculated from the collected information.
A worst case scenario, where the load factor is set to 1, will be used for calculating the calculated electricity requirement. 
Calculating Energy Requirement.
Comparing the actual energy consumption with the calculated energy requirement will show whether the energy usage for 2011 was indeed efficient. The efficient energy consumption by the electrical equipment in the school is calculated using the following equation, as used by Saidur et al. [4] :
where AEC is the annual energy consumption of equipment in kWh; UH the usage hours of the equipment ; the capacity or power rating of equipment , in kW; and LF the loading factor of equipment . The loading factor for all the electrical equipment was set to 1 to model a worst-case scenario.
The energy intensity explains the efficiency of the school in terms of energy usage per area. The energy intensity was calculated using the following equation, similar to Saidur et al. [4] :
where ∑ AEC is the total annual energy consumption of the equipment in the school in kWh; TFA is the total floor area in square meters.
Results of First Stage Analysis

Usage Hours of Electrical Equipment.
The usage hours of the electrical equipment depend on the operating hours of the school. Generally, a school operates from Monday to Friday for teaching and on Saturday for extracurricular activities. In some cases, these extracurricular activities require the students to stay overnight at the school. The school operates 203 days for that school year, with varying operating days. For calculation of the electrical usage, an assumption was made that the usage hours of the electrical equipment follow the operating hours of the school. This will provide us 4
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Energy Consumption by Electrical Equipment.
The distribution of electricity consumed by the equipment in the school is illustrated in Figure 1 . Table 5 shows the details of electricity usage by the top five energy consuming equipment types in the school. It can be observed that the air conditioning system consumes 38% of electricity. The lighting system follows at 22% and fans, at 21%. In any case, the energy conservation measures should focus on this high-electricity consuming equipment in order to give us a better chance at determining potential energy savings.
Comparing Results.
From the information being gathered, the actual energy usage and the calculated energy requirement can be compared, as shown in Table 6 . It can be observed that the school used 60520.28 kWh, which exceeds its electricity requirements. The required electricity, which was calculated using (1), was found to be 53533.05 kWh. In this study, an assumption was made such that all the electrical equipment is operated at maximum loading factor. The electricity usage was also assumed to follow the listed operating hours. These assumptions overestimated the required electricity usage, but it was still less than the actual amount being used. The school incurred a minimum loss of 11.7% by using more electricity than necessary, at 6998.24 kWh. This amounts to a total bill of RM 2947.42 for that schooling year. By improving the energy habits and practices of the users, the school would be able to reduce their energy usage and costs. Some energy usage practices that can be looked into are the habits of users, the operating hours, and the settings for the electrical equipment. Considering the total energy usage and the total floor area, the energy intensity of the school was also compared in both actual and calculated cases. It can be observed that the actual energy intensity of the school is 50.6 kWh/m 2 , but it could have been 44.8 kWh/m 2 /year, with efficient energy usage practices.
Energy Conservation Measures
Energy reduction and cost savings can be further achieved by using energy conservation measures. The second stage of the study focuses on the lighting in the school, as it The Scientific World Journal 5 3.1. Lighting System. The areas that consumed the most energy through the lighting system are the classrooms and the corridors. Table 7 shows the illuminance standard for both classrooms and corridors. The illuminance is affected by the quantity of lamps and their capacity. Using the Lumen method, the required number of lamps and their capacity can be determined from the following equation [19] :
where is the illuminance level required at the work surface, in lux; the total number of lamps times the rated lumens of each lamp, lm; the total area of the plane where the work is done; CU the coefficient of utilization, per unit; and LLF the light loss factor as a percentage of the rated lamp lumens, per unit. By knowing the illuminance level from (3), we can design an optimal lighting system. From calculations, we found the CU to be 0.68, while for cases where the maintenance plan is unknown, the LLF is set to 0.80 [20] . The factors that contribute to the overall design of the system are the type of light bulb, the quantity, and their arrangements. Nevertheless, this equation is only accurate for the corridors, as the lights are only used at night, and thus does not take into consideration the daylighting effect. Energy conservation measures for the classroom are therefore proposed to focus on the operating hours instead of the setup of the lighting system. This is to consider measures that do not require any retrofitting cost. The experimental measurements of the illuminance in the classrooms were carried out to determine the best operating hours of the lights. This was done by taking measurements using a lux meter at several points in the concerned area.
Summarizing the lighting system, two energy conservation measures were proposed.
(1) Corridors: redesign the setup of the lighting systemquantity of bulbs, location of the bulbs, and the type of bulbs.
(2) Classrooms: improve the operating conditions of the lights in the classrooms-in terms of operating hours.
Air Conditioning
System. The first stage of the study shows that 38% of the energy is consumed by the air conditioning system, as shown in Figure 1 . This is almost double of the next highest energy consuming equipment. Previous studies proved that conducting energy study on HVAC system would be beneficial. Selecting a suitable system for building and operating it correctly has the potential of saving up to 20% of energy. In the case of Lam et al. [21] , they shifted the chiller's load to the night via thermal storage, and up to 25% in the case of Fasiuddin and Budaiwi [22] , where they simulated different HVAC systems while maintaining thermal comfort. Improving the operating settings and control strategies of the HVAC system also showed energy saving potentials. Mathews et al. [23] simulated several control strategies (air-bypass, reset control, setback control, improved start-stop times, economizer, and CO 2 control) and found that a potential of energy savings of up to 66% can be achieved. A study by Kwong et al. [24] on air conditioned tropical buildings in Malaysia showed that raising the setpoint temperature by just 2 ∘ C will result in total savings of 2150 GWh annually, which is equivalent to RM730 million. This paper will only focus on the lighting system. Nevertheless, it should be pointed out that further energy studies should be carried out specifically on the air conditioning system to further increase energy savings in schools. Table 8 .
Energy Saved from Energy
The new configuration gives a potential energy reduction and cost saving that is presented in Table 9 . It can be observed from Table 9 that there is a potential energy reduction and cost saving of 64.6% from the original system. This is an energy reduction of 4459.2 kWh, which will save the school RM1855.20 compared to the original lighting system in the corridors. This is a significant saving, as it is more than half the initial energy consumption. It can be said that the lighting system of the corridors is significantly overdesigned. By changing to a lower rated light bulb and rearranging the lights, an energy saving of 64.6% can be achieved.
Classrooms.
Measurements of the illuminance for six different classes located at the extremities of the school were taken using a lux meter at different time periods that reflects a normal school day. This is to understand the lighting conditions that are experienced in the class throughout its usage. The results of the measurements are presented in Table 10 .
It can be observed that most classes would have reached the minimum requirement of 300 lux before 10.00 am. It is safe to assume that, on normal days, the lights in the classes can be switched off beginning from 10.00 am, as it already meet the minimum illuminance requirements from natural daylights. Table 10 shows that class 6 hardly meets the requirement throughout the day. This is due to the design of the buildings, as the interconnected buildings block the sunlight from going into the class. The building blocking the lights is circled in Figure 2 . Therefore, the results of the reading for this class were not used to propose new operating hours. Another study should be done to solve this particular lighting problem. For the lighting inside the classes, it is proposed that the school changes the operating hours of the lights but maintains the type and design of light bulbs. The newly proposed operating hours are shown in Table 11 . It can be observed that the operating hours were reduced to three hours a day, which will increase energy savings.
The potential energy reduction and cost saving for the new operating hours for the lighting systems in the classes were calculated and shown in Table 12 . It can be observed that there is a significant reduction of 52.1% in the energy usage of the classes after the lighting system operating hours were changed. The energy usage of the lights in the classes can be reduced by 1030.86 kWh from the initial energy usage of 1978.02 kWh. This results in a cost saving of RM 427.32. Table 13 shows the summary of the potential energy reduction and cost savings from the improvements in energy usage practices and lighting system. It was found that a potential energy reduction and cost saving of 20.7% can be achieved from better energy The Scientific World Journal 7 Table 14 shows the results of various energy studies carried out for schools for different conditions around the world. Although each piece of research has its own focus, it can be observed that our results are comparable to researches of similar nature. The energy conservation measure of improving energy usage practices and lighting system operations for our case will result in a potential energy usage reduction of 20.7%. Further studies on improving the efficiency of the air conditioning system in our school might also give comparable results to researches that focused on HVAC systems.
Combined Energy Usage and Cost Savings.
Comparing with Similar Studies.
Conclusion
The actual energy used by the school was 60 520.28 kWh, which costs the school a total of RM 25 152.20, resulting in an energy intensity of 50.6 kWh/m 2 /year. It was determined that energy is being wasted via the operation of the electrical equipment in the school. This study showed that 11.6% energy reduction and cost saving can be achieved by implementing efficient energy usage practices. Apart from that, 9.1% energy reduction can also be achieved through the correct design and configuration settings for the lighting systems. Overall, this results in potential energy reduction and cost savings of up to 20.7%. The implementation of the mentioned energy conservation measures would also reduce the energy intensity from 50.8 kWh/m 2 /year to 40.19 kWh/m 2 /year, which is a significant achievement. Further energy studies on more schools in the country will provide us with a better understanding of energy usage conditions of schools in this country and open up more opportunities for potential energy savings.
